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Aims 
The monitoring sites comprising a state of the environment (SOE) network must be carefully 
selected to ensure that they will be representative of the broader resource.  Hierarchical 
cluster analysis (HCA) is a data-driven technique that can potentially be employed to assess 
the representativeness of a SOE monitoring network.  The objective of this paper is to explore 
the use of HCA as an approach for assessing the representativeness of the New Zealand 
National Groundwater Monitoring Programme (NGMP), which is comprised of 110 
monitoring sites across the country.  
 
Methods 
The approach taken in this study is to conduct HCA using data from the NGMP, and compare 
to results of HCA based on the amalgamation of data derived from 15 individual SOE 
programmes operated by 15 different regional authorities.  Representativeness is assessed by 
comparing the number of water quality categories (clusters) identified by HCA, their 
centroids, and the proportions of monitoring sites assigned to them for the two datasets being 
compared.  Complementary statistical and graphical techniques are applied to assist with 
interpretation of results of HCA. 
 
Results 
The NGMP and amalgamated regional SOE networks have some clear differences in 
proportions of sites in different classes of surrounding land use, aquifer confinement and 
aquifer lithology.  Despite these differences in the types and percentages of sites comprising 
the NGMP and the amalgamated SOE network, the two datasets are shown to be very similar 
in terms of the number and hierarchy of water quality categories identified by HCA. A strong 
similarity in centroid hydrochemistry is identified, indicating that the water quality categories 
defined by HCA in the NGMP and amalgamated SOE datasets do in fact represent the same 
water types.  The Kolmogorov-Smirnov test, which evaluates the maximum distance between 
the cumulative distributions of concentrations of individual variables between the two 
datasets for a given water quality category, shows that the distributions of major ion 
concentrations are indistinguishable between the two datasets at the 95% confidence level for 
almost all parameters and all water quality categories. Extent of natural water-rock 
interaction, degree of human influence and recharge mechanism are inferred to be the main 
drivers of hydrochemical variation in the NGMP and amalgamated SOE datasets.   
 
Conclusions 
Hierarchical cluster analysis was found to be a useful tool for assessing the representativeness 
of a groundwater monitoring network.  In this study, the HCA approach has shown that the 
NGMP is representative of the amalgamation of regional SOE networks.  The same approach 
can in principle be applied to evaluate the representativeness of any monitoring network when 
compared to another.  
 
 
 
 
